Sexual function is complex and involves interaction of many factors, including emotional connection, body image, intact physical response and partner sexual function. Disease processes such as abnormal uterine bleeding, endometriosis, urinary incontinence and pelvic organ prolapse may have a negative impact on various parameters of sexual health. Gynecological surgery to address these common complaints may correct the pathological process. However, despite improvements in symptoms related to the disease, improvements in sexuality are not guaranteed and occasionally there may be deteriorations. This review will summarize the current literature assessing sexual symptoms following benign gynecological surgery, including hysterectomy, and bilateral salpingo-oophorectomy, tubal ligation, anti-incontinence surgery and pelvic organ prolapse reconstruction with and without mesh. In the majority of cases, sexual function and quality of life benefit from these surgical interventions. However, it is critical that physicians remain aware of the potential for negative outcomes. Subjects who experience worsening should undergo thorough evaluation early in the postoperative period in order to mitigate symptoms. Treatment modalities for sexual dysfunction following surgery should be the focus of future research.
Introduction
Female sexual function is a complex phenomenon, with current estimates suggesting between 35 and 50% of women in the general population suffer from a sexual problem. 1, 2 However, these issues are infrequently discussed between patients and their physicians. Lack of time, uncertainty of therapeutic options and poor training are some reasons cited for this deficiency. 3 Nevertheless, sexual health is a basic human right, as mandated by the World Health Organization. Previous reports have shown that sexual disorders lead to impaired quality of life and health morbidity. 4 Thus, it is clear that we must improve awareness and understanding of the pathophysiology of sexual complaints.
Pathological diseases of the pelvic organs impact sexual function. Abnormal uterine bleeding, endometriosis and ovarian or uterine pathology may interfere with sexual activity, and cause pain. Urinary incontinence and pelvic organ prolapse can impact sexual function through a variety of means, including embarrassment of leakage with intercourse, coexisting depression and discomfort or low body image. [5] [6] [7] In spite of this, corresponding enhancement of sexual function has not been noted consistently after surgical correction of the preexisting problem. Deterioration in sexual symptoms may occur following repair. 8 The purpose of this review is to summarize the current literature assessing sexual function following benign gynecological surgery, including hysterectomy, bilateral salpingo-oophorectomy (BSO), tubal ligation, anti-incontinence surgery and pelvic organ prolapse reconstruction. The goal is to assist providers in counseling patients and to identify areas for future research.
Anatomic considerations
Female sexual anatomy comprises both internal and external genitalia and includes the labia, interlabial space and perineum, clitoris and vagina. 9 These structures are intricately related to each other and are anatomically adjacent to the bladder, urethra and rectum. Nerve fibers are derived from the uterovaginal nerves, including the sympathetic and parasympathetic branches, as well as the pudendal nerve, which provides somatic innervation. Disruption of nerve supply has been documented after pelvic surgery. Benson and McClellan 10 described increases in pudendal nerve latency following vaginal as compared with abdominal surgery. Others have noted quantifiable sensory loss to vibration and thermal stimuli in the vagina after elective hysterectomy. 11 Although such nerve disruptions have not been correlated with changes in sexual function, a relationship between surgical damage to these fibers and sexual function might be expected. 12 The blood supply to these organs participates in sexual response. An intact arousal pathway involves appropriate blood flow and adequate engorgement, as well as transudative secretions across the vaginal wall. A recent study assessed clitoral blood flow before and 6 months following tension-free vaginal tape (Johnson and Johnson), as opposed to transobturator tape procedures. The tension-free vaginal tape is passed via the retropubic space, in closer proximity to clitoral tissue, while the transobturator sub-urethral tape is placed through the obturator membrane, potentially avoiding this area. Indeed, clitoral blood flow was reduced after tension-free vaginal tape. 13 Others have shown iliohypogastric and pudendal arterial blood flow may be compromised following radical as opposed to simple abdominal hysterectomies.
14 However, in neither study did these changes result in subjectively diminished arousal.
The role of estrogens and androgens have been well established with respect to parameters such as lubrication, libido and orgasm. [15] [16] [17] Removal of ovaries prior to natural menopause induces immediate loss of these important hormones. In addition, the postmenopausal ovary continues to secrete androgens, 18 thereby leading to the possibility that removal of the ovaries at any time in a woman's life could result in changes in sexual function.
Vaginal topography may be impacted by surgical repair. Studies have suggested that normal vaginal length ranges between 41 and 95 mm, 19 with significant variation in length as well as width throughout the vagina. Although there is no consistent length that has been found to correlate with poor sexual function, 20 certainly discomfort and apareunia after these procedures has been documented. 21 Surgical repairs, including Burch colposuspension, anterior colporrhaphy, sub-urethral sling and posterior colporrhaphy, have all been found to cause structural changes of the vagina and adverse symptoms with intercourse. 8, 22, 23 The clitoris is a multi-planar structure with broad attachments to the pubic arch. MRI and cadaver dissections have suggested the clitoris to be 9-10 cm in length, with a wishbone configuration and close proximity to the anterior vaginal wall. 24, 25 Orgasms may arise from direct and indirect clitoral stimulation. 26 Coincident changes in innervation or blood supply of the clitoris could result in alterations in sexual function following surgical treatment.
Finally, mechanical factors may influence postoperative sexual response. Close proximity of vaginal grafts or scar tissue formation at incision lines could result in stiffness or pain in the vagina. Synthetic meshes used during repair may contract, fold or extrude, and lead to a myriad of problems, including bleeding, discharge, pain, partner discomfort, low body image and sexual dysfunction.
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Hysterectomy
The impact of hysterectomy on subsequent sexual function has been the subject of numerous review articles and peer-reviewed research. Hypothetical reasons for this relationship include the anatomic considerations outlined above, removal of the cervix and perception that this structure is involved in the sexual response, and concerns that the uterus contributes to a sense of well-being and femininity. Loss of sexual function is a major cause of anxiety for women scheduled for hysterectomy. 30 Indeed, physician education is critical to mitigate this stress; a recent study showed that education about possible negative sexual outcomes predicted overall satisfaction with hysterectomy. 31 Unfortunately, despite the significance of this issue, the literature is not consistent or clear. Many studies assessing the impact of hysterectomy use a variety of different techniques, including supracervical/subtotal, total, laparoscopic, abdominal, vaginal, with and without oophorectomy. In 2000, a review by Farrell and Kieser 32 demonstrated that the available research was of poor quality. Most reports suggested sexual function and quality of life improved or were unchanged following hysterectomy. The variables felt to impact sexual function significantly included a good partner relationship and preoperative dysmenorrhea. 33, 34 Total hysterectomy and sexual functioning In 1999, JAMA published a prospective study of hysterectomy and sexual function, 35 which was completed by 1101 women. A validated questionnaire was developed and addressed pain with intercourse, orgasm, dryness and libido 2 years after surgery. Procedures were performed both vaginally and abdominally, 44% with BSO. The authors 36 conducted a prospective study assessing the effect of total hysterectomy on specific sexual sensations. One hundred and five women were followed up to 18 months after total hysterectomy (abdominal and vaginal) and completed a mailed survey. Thirty-four percent had removal of their ovaries and took supplemental estrogen. The author specifically outlined the details for seven women with distressing sexual changes, including diminished arousal, difficulty achieving orgasm and low desire. The vast majority was enthusiastic for the benefits and had improved sexual satisfaction.
Several other studies have addressed this question, and shown improvements in sexual function after hysterectomy. 37, 38 In contrast, Celik et al.
39
described the effect of hysterectomy and BSO on the parameters of the Female Sexual Function Index in postmenopausal women. Ninety-two women underwent vaginal or abdominal hysterectomy and BSO, with half of them using hormone replacement. In subjects who underwent vaginal hysterectomy, scores in the domain of orgasm significantly worsened. In the abdominal hysterectomy group desire, arousal, lubrication, satisfaction and total scores deteriorated. However, data were not available beyond the 6-month period.
Total versus subtotal/supracervical hysterectomy
The role of the cervix in intact sexual response is controversial. Early reports suggested that removal of this structure could lead to changes in the intensity of orgasm for some women. Several studies have thus sought to answer this important question. Thakar et al. 40 published in The New England Journal of Medicine their report of total versus subtotal abdominal hysterectomy. Sexual function was evaluated by a questionnaire designed by the authors, and restricted to those who were sexually active 12 months postoperatively. The frequency, desire, initiation of intercourse and sexual function were not significantly different between the groups. Two subsequent papers were published reporting data from this population. 41, 42 The first assessed quality of life and psychiatric symptoms using validated questionnaires at 12 months. In both groups, quality of life improved in the majority of domains. A small difference in 'emotions' was noted between the groups, which showed greater improvement after subtotal hysterectomy. The final paper describes the 9-year follow up data for 65% of the subjects. There were no long-term differences in outcomes between total and subtotal hysterectomy. Several changes were noted in sexual function, in both the groups, including decreased frequency of intercourse, decreased sexual desire and difficulty with orgasm. However, these findings were attributed to increasing age and menopausal status rather than surgical technique.
Others have also attempted to compare total and supracervical (subtotal) hysterectomy. Kupperman et al. 43 published the findings of the TOSH Research Trial, which randomly assigned 135 women to either a total or supracervical procedure. The primary outcome was sexual functioning at 2 years as assessed by the Sexual Problems Scale. Secondary outcomes included health-related quality of life at 6 months and 2 years. Although groups differed at baseline with respect to sexual function, by 2 years there were no significant differences. Both the groups demonstrated substantial improvement in most health-related quality-of-life measures. Unfortunately, this study was not blinded, potentially leading to bias. Nevertheless, this still provides reassuring confirmation that the cervix is not critical to sexual function.
Laparoscopy-assisted vaginal hysterectomy and supracervical laparoscopic hysterectomy were compared in a randomized controlled trial assessing sexual pain and psychological outcomes. 44 These researchers used two additional groups: nonsurgical controls and subjects undergoing minor gynecological surgery. Postoperative follow-up was approximately 6 months after surgery. In both hysterectomy groups, the parameters of sexual functioning did improve, as did pain abdominally and during pelvic exams. Although some adverse effects were noted in psychosocial well-being after surgery, these were not different from those in the controls.
Finally, Gorlero et al. 45 compared subtotal and total hysterectomy in 105 women with 1-year follow up in a randomized, controlled trial. Validated surveys were used for body image, sexual activity and quality of life. All surgeries were via laparotomy (abdominal incision) without removal of the ovaries. In both groups sexual activity improved after surgery. A modest, non-statistically significant difference was noted between the groups with respect to pleasure from sexual intercourse, favoring subtotal hysterectomy. All women had notable improvements in health-related quality of life and body image; however, body image was significantly better in subjects who underwent subtotal hysterectomy.
Abdominal versus vaginal surgery
Some authors have chosen to compare the route of hysterectomy to determine whether these impact sexual function differently. Roovers et al. 46 assessed, in a prospective manner, 413 women who underwent vaginal, subtotal abdominal and total abdominal hysterectomy. A 36-item questionnaire was used to assess sexual function. Three hundred and Gynecological surgery and female sexual function RN Pauls ten patients were sexually active after surgery and were included in the analysis. Non-significant differences were suggested in lubrication and sensation, which appeared worse in the laparotomy groups. New sexual problems occurred in nine women after vaginal, eight women after subtotal and 12 women after total abdominal hysterectomy. The authors concluded that sexual well-being does not depend on surgical technique and generally improves.
Another group prospectively assessed sexual behavior, body image and satisfaction between vaginal and abdominal procedures in 90 women up to 2 years postoperatively. 47 The vaginal hysterectomy cohort also had concurrent anti-incontinence procedures and prolapse repair. Outcomes were assessed using validated questionnaires and telephone interview; however, over 30% of the sample did not complete the validated questionnaires postoperatively. Both groups had improved sexual function. Women in the abdominal group described dissatisfaction related to their scar and more pain. Regression analysis revealed that postmenopausal status, frequency of sexual intercourse and severity of preoperative gynecological complaints were associated with improved sexual outcomes.
Oophorectomy and sexual function
The role of oophorectomy in subsequent sexual function is very difficult to assess independent of hysterectomy. Bellerose and Binik 48 assessed five groups of women: (i) hysterectomy only; (ii) hysterectomy with BSO and no estrogen; (iii) hysterectomy, BSO and estrogen replacement; (iv) hysterectomy, BSO and androgen/estrogen replacement (v) and non-surgical controls. The authors interviewed subjects to document mood, body image and sexual functioning. All surgical groups had more sexual problems than in the control group between 4 months and 5 years post surgery. The worst body image was seen in the untreated group (ii), while the untreated and estrogen groups (ii and iii) also had lower desire and arousal than the other three groups as evidenced from self-report.
Teplin et al. 49 described the impact of oophorectomy on health-related quality of life and sexual functioning (sub-analysis of subjects in the TOSH Trial) in premenopausal women. At 6 months post surgery, the BSO group had less improvement in body image, sleep problems and mental components of the SF-36. There were no differences in sexual functioning between the groups. By 2-year followup these differences were no longer evident. Use of hormones was noted in 56% of the BSO group at 6 months, which declined to 45% at 24 months. The authors conclude that while there are some differences in the initial postoperative period for those who undergo BSO, these appear to diminish over time.
Hysterectomy versus minimally invasive treatments
Several studies have assessed hysterectomy as compared with minimally invasive or medical treatments. Kupperman et al. performed a multicenter trial involving women with abnormal uterine bleeding who were dissatisfied with standard medical treatment. They randomized the women to hysterectomy or expanded medical therapy with estrogen and/or progesterone, and/or prostaglandin synthesis inhibitor. Quality of life and sexual functioning were measured. The authors had difficulty with enrollment and retention of subjects. Hysterectomy was superior to medical treatment in improvement of health-related quality of life after 6 months; half of the women randomized to medicine elected to undergo a hysterectomy. 50 Hehenkamp et al. assessed sexuality and body image after uterine artery embolization or hysterectomy for treating uterine fibroids in a randomized manner. The Sexual Activity Questionnaire and Body Image Scale were used. In both the groups sexual functioning and body image improved; however, significant increases were seen more often in the uterine artery embolization group. 51 Others conducted a large study comparing hysterectomy with endometrial ablation for dysfunctional uterine bleeding. This was a prospective cohort of over 11 000 women, of whom 8900 completed questions related to psychosexual function 5 years after treatment. Psychosexual problems were higher after hysterectomy than after ablation, and appeared to be more prevalent in those who underwent concurrent BSO despite hormone replacement therapy. 52 Finally, hysterectomy and levonorgestrel intrauterine device were compared for women with menorrhagia in a randomized, control trial. The McCoy Sexual Scale was used to evaluate sexual functioning 5 years after intervention. In women treated by hysterectomy, sexual satisfaction improved, while it decreased in the intrauterine device users. The authors concluded that hysterectomy was superior to intrauterine device in terms of sexual functioning when treating menorrhagia. 53 
Summary
The results of the studies, although varied in terms of design and inclusion criteria, generally show that sexual function, quality of life and body image improve following hysterectomy. Although some suggested greater improvements after subtotal hysterectomy, this was not consistently shown. While BSO may adversely affect certain outcomes, even in women who undergo hormone replacement, the difference may decline over time. Further research, with attempts to control for oophorectomy, as well as mode of surgery, in a prospective, randomized manner would be beneficial.
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The literature also suggests that, while medical management and intrauterine device may be inferior to hysterectomy when discussing sexual function, minimally invasive procedures such as uterine artery embolization and ablation could be a better option, due to reduced pain and preservation of ovarian function. However, available data in this aspect of the field are too scant to formulate any firm conclusions.
Tubal sterilization and sexual function Few authors have assessed the impact of tubal sterilization on sexual function. Basgul et al. 54 conducted a retrospective study of women who had tubal sterilization over a 5-year period, and queried regarding sexual function by telephone interview. Tubal ligations were performed both laparoscopically and during cesarean delivery. The authors reported that 23% noted changes in their sex life, with 13% describing these changes as negative. Costello et al. performed an analysis of 4576 women who were enrolled in a prospective, multicenter cohort study and assessed whether interval tubal sterilization lead to change in female sexual interest or pleasure. Two questions were used to compare sexual function. Most women did not report any changes; however, in those who did, positive effects were more common than negative.
Post-sterilization regret was the only factor to be associated with negative impact on sexuality. 55 Surgical treatment for stress incontinence and sexual function Urinary incontinence has been associated with increased prevalence of sexual dysfunction. Reasons include impairment in body image, social isolation, loss of spontaneity and fear of leakage with coitus. 56, 8 Several authors have therefore assessed the impact of stress urinary incontinence repair on subsequent sexual function using prospective (Table 1) and retrospective designs. [57] [58] [59] [60] [61] [62] The results of most studies suggest that sexual symptoms, sexual activity and sexual function either improve or are unchanged following surgery for stress incontinence. Physical improvements of coital incontinence, urinary frequency and interference with sexual activity may be responsible for most benefit. Despite this, some studies do suggest deterioration, possibly due to decreased genital sensation, altered lubrication, mesh extrusion and dyspareunia. Sub-urethral sling procedures are anatomically distinct from retropubic suspensions, such as the Burch and Marshall-Marchetti-Krantz, and may lead to different symptoms. Further research is needed to confirm whether surgical approaches for incontinence have minor detrimental Surgical treatment for pelvic organ prolapse and sexual function Many studies have assessed sexual function after pelvic organ support repairs. Oftentimes pelvic organ prolapse and urinary incontinence coexist, and pelvic organ prolapse may, in its own right, impact body image or cause discomfort or interference with sexual activity. 5, 9, 63, 64 However, while surgical repair may correct the support problems, concerns of vaginal narrowing, potential for dyspareunia and anatomic disruption exist ( Table 2 ).
The usage of vaginal grafts, including synthetic meshes, has become increasingly popular. The premise of reinforcing native tissue to reduce the risk of prolapse recurrence has been the emphasis behind these repairs. However, concern for longterm outcomes, especially dyspareunia and extrusion, have lead to hesitance to adopt these techniques ( Table 3 ).
The outcomes of pelvic organ prolapse repair with respect to subsequent sexual function are the least reassuring of all gynecological surgeries. Many studies suggest improved anatomic outcomes, which correlate with improved prolapse symptoms on validated questionnaires. However, pain, particularly related to the posterior colporrhaphy, may affect sexual function adversely. Use of synthetic graft material is still novel and the available data are conflicting as regards the impact on sexual function. The currently available validated instruments may not be sensitive to the particular symptoms experienced after mesh placement, such as extrusion, contraction and partner discomfort, leading to difficulty in describing these. Further research to better document, in a standardized manner, will be helpful to this field.
Conclusion
Gynecological surgery is an extremely common intervention for women and may be necessary to treat pathology such as vaginal bleeding, painful Gynecological surgery and female sexual function RN Pauls intercourse or pelvic organ prolapse. However, since many procedures are elective, an understanding of the subsequent impact on sexual function is paramount to the decision-making process. Despite significant improvements in many symptoms related to the disease pathology, improvements in sexual function are not always guaranteed and occasionally there may be deteriorations. Sexual function is complex. Multiple factors impact this in the context of a woman's life, including body image, relationship, social situation, partner sexual function, or availability of a partner, medications, hormonal changes and cultural expectations. Given this, it is often difficult to predict how patients will respond following surgical intervention. Nevertheless, it is critical that research seek to answer unresolved questions so that we may better counsel patients. The current gaps include predictive factors for deterioration of sexual function and comparisons of anatomically distinct techniques. Improvement in design and selection of validated tools may reduce challenges for researchers in this area, and enhance consistency and generalizability of the data.
The findings of this review suggest that following most gynecological surgery, sexual function improves. However, it is vital that physicians remain attuned to the potential for negative outcomes. Subjects who experience worsening should undergo thorough evaluation early in the postoperative period. Treatment modalities for sexual dysfunction following surgery should continue to be the focus of controlled trials so that we have available tools to mitigate these debilitating symptoms and their impact on quality of life. Gynecological surgery and female sexual function RN Pauls
